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(57) [Sft] 

[EIJH] HjSftT*>5»fe, *fe*tf*VMi****tf 

t77^friSl tf>±IC % A1N 12, Si K 
-T'nSGaAlN jg 3 (n®) , GaN J§4 (i£t£Jf) , Mg 
K-^GaAlNS5 (pJg) !&^J#£;h,T^5o K-^Ga 
A1N»5 (pg) ildSiO,® 7«r*«Lfcft, ttloni. 

(pit) <&&8<Dft#i:, Si K— :/n!BGaAlN S 3 (n 



6 A 




[§*** l ) ngg»*tt«:*-faffc*3 t*%it&® 
((Al ll Ga,-„) > ,In,. T ,N:0gxlgl,0^yl^l)^ 

9 A*fb£»¥*ft (CAlrfa«) rt InHiN: 

[i***2] WE****!** u-lf^^-K-Cfc 10 
[S***3] Mtt?J§(D±\z. ai»«o««r*'f&lft 
<b#y *A5Mb£»¥******. 

[1***4] WEnJlfcttl-attffil*, nJ§<0±.\Zj& 
ft,TV^ - t 1 7I>£§*** 3 fl^f 

tit>> i *icE«w>afb# y * A#ft^*¥3**we** 20 

[§***5] HulBn/llC^i-6m^!±. HuEnJI±£> 

nr^s r t zftmt-tztnxm 1 7*£M#*4 *>^r 
[i*** e ] me&ttJii* n listttfesr t 

£<b# y 9 30 
[11**7] HuEnJI, MESttJB, iiflGpSlS, * 

77>rr«tR±^*sixTt^rt«:»*fci-ii** 

* 1 75SI*** 6 (D^ttifr 1 «lC|5©co^fb^ y 9 * 

**b£»¥*<M63fe**. 
[11**8] ffrEnJI, SSEfitiyB, ffiEpJBtt. S 
i , 6H-S iC, XII, G a N^t>A$StK±lw»A 

^ixrv^sr tSr^aii-6f***l75MI***6 0^ 

Tixa» i *i-E«o*{k^ y * *3Mb£»¥awMS** 

[1***9] ifrEnJf, MEStSfe'S. IttEpfftt, S 40 
i , 6H-SiC, G a N^bJ*SSffi±l-»J* 

JMtSiVCV^ r i ZftWt-f 61*** 1 7!;£I*** 3 

owrft^i*, xwu i***6i^ise^^{b^y *a 

[1***1 0] WEnSl^fifflfflJcKMa-CK^- 
i" 6!***i 7i3H**«9<o^rix^i*lcEeo2fb 
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[3&wof*jffl*&9n 

[0 0 0 1 ] 

ii, *fe***»fe*fe««*-c, at/*****?** 

1"*. 

[0 0 0 2] ffiB^atJEf, Mill **(tu-f 
Kit, *#W%blz£9V)#>X9lbMz£iitz 
cfc 6 ((Al.Ga„.) Jn^NrOg x £1,0 
^y^l)»Opfflftft««r»*i: LT, SrfcKBWg^fc 
Sffi^D^T, fljftT, ((Al.Ga,J 1 In,- r N:0^x^l I 
0 g y ^ 1) U- if ^ K<0 MASQUE i 4 o fc 

fc 

[0 0 0 3] 

[«*<oft*] a*. jifflfbSixrv^ftEftftoagfE 

y^A7;V^!?^ (InGaAlP)£i£ H B B |Cj; ^ira^HT 
[0 0 0 4] 

[0 0 0 5] (AUGa,^) f In lv N x GaN ISMi&(3 

ook) -c*ae J: 9 6 z t &m& $ v ^ 6 

(H. Amano ^; Japanese Journal of Applied Physics 
^29#1990^ L205-L206H) e Z<DZtfrb, ±E¥*£ 

[0 0 0 6] L^L^^b, ±tZ%ffi<Dit<&fy)¥mmt 

pmmftihnmoimtfmmxhztzft. $tmz$\z* 

T*(Al,Gaw) T In,- T N &m^1tWX&MZ£ 6 ¥«f* ^ 

[0 0 0 7] ilE©IUIt:*ftt«fcftl:ii 
[0 0 0 8] 

^-r^fb^y i>A*{b***ww ((AiuCa,..,),.^ 

,.„N:0^xlgl,0^yl^l)^e)^5ng^, H^b^ U !> 
^*{b-&»*«* ((AK:Ga,.J )7 In,. lZ N:0^x2^1,0 

zrtZDfrb&zmts p5!*«tt«:^i-aft^y ^-^ 

( (Al .,3a,..,) oln.-oN: 0^x3^1,0^ 

y3^D^6rt*pJiiA»?>fiit<ba<b*y «>^*<b*«* 

[0 0 0 9] X. «5t*-7-li, U-lfy-f 



(3) 

3 

X, *&<0«Wli* n§. SttJT pJBl* % S i, 6H- 
S i C, XI*. G a N^^5StR±lC?gj*$nTV^5 

JBli, Si, 6H- S i C, Xli, G a Nri>6/#6gt£ 

K-fy^Lfcii Lfcr l-* e 20 

6 0 nJ§&tfp/i£, &fM^^-4£<b#y 

[0 0 l l] X, «M*MoJttttt'h*^J| (&{£•) 

W-f6r i:?r^m^r5 0 30 
[0 0 12] X, »lH««o«ft«J|«2o&±aj|L 
fc«5S-CtAv\ 

10 0 13] X, 7^-fe^5FI**«rK-^Lfc«^ 

iooi4] x, pi!fts*tfc«fc^y ?A*ft*»*. 

[0 0 1 5] glgiai, t77^7, Si, 6H-SiCXiiGa 
N t^T#5o ^0 

[0016] 

[fffflZlVa*! ((Al.Ga,.J I In,. f N:0^x^l l 0^y^ 
l)¥Wttlc*3V^ *J6M#»icJ:9, 0«>rpSa« 

!>A*ft-fr**w#-c«riisixfc*+y7aA 

[0 0 1 7] *«^(7?J:5i-ffl;-f-ll.««ft!rai-J:S(AK 
Ca.J.In.-.N OpBfkSftRt, ffiiSSrX^r 5 r i: 
«£ 9 > Wfe^^ J ^feS(/^7tm^co^^^^^^o^ 50 
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fc. 

[0 0 18] 

y £iW A(Al.Ga 1 ..),In ln N*ISA^»fflStR 
lite, t77^7, g*<Si>,6H ftfcJi*<6H-SiC)*^ 
LSflstflJ *^(GaN) $:f^:i//t^o 
[0 0 19] *77-<7fcSlgii-5»*«ctt^4< <b 
fc(6r£ (fi»J^.l«-j600 *0 -cJtWLfcAlN i*K&£WS 

[0 0 2 0] Si^rSte^-f 6»£fclM>4< £ fc3C-SiC 
»«-l)6**V^»i3C-SiC»|Jiat/AlN »flte>*zJB«r£D 

[00 2 1] 6H-SiCfcStR£1"6»£iciii£t£fc^Ua 
N £»WJB£"f*Oj&sa*U\, GaN £ -f 6t§£ 

(miIS¥^ B B B ^^tT^bix5 0 Si,6H-SiC StfGaN 

[0 0 2 2] £-f , f^-Mj&^±^feF B iC<fc3 p 

(Al.Ca.J.InjJ* fcj««S-fraiHifc % S 
fiiWtBfSOl («*.« 600*0 KRSU 
l^4< * t>7/i^ = *i*(Al) Z-Stsit&toBLltmm 

o^mtvozmAL, y-7T<4rmmm^m mm 

[0 0 2 3] *(D'& S MZ^tlit^VdOmAZlktb, & 

mm<oftt&j£*ft?o tit, ¥mv>&&tmktiz> 

X 5 ICAl fc*trtfc<fr», # y * A (Ga) *r£trifc£*MfcU 
-iyy^ (In) ^tHt^SraSA IT n £ J (Al.Ga.J 

[0024] 4*5, ro^n^^ B B B o|§«:^^Tif 

SfcfcdSi, &m (0) f SE|S(S) l irUV{Se) l T/WWTe) 
4 if 4 S 5E* *£Mfc*»S:raB*l;:«A 

[0 0 2 5] K-fy/tS*^ *0 

««fcB!ILTI*nJiKi$|-U: K-t'y/ltiai\ 

[0 0 2 6] ^ic, -£ % ?x^*:rtft«5^t>ft9Ui 
*.tfK<ta*(SiOi) I^«t9fflv\ Rl/^ai^«rrt*^ 

[0 0 2 7] />*< i <>BfaojB4artii5J:5 4Al 

m<D&mt®ATf7?±7?*mtok%z>7tm, mm 

^yy^ix(Be), •^^v'^A(Mg), ffifS(Zn), * K ^ 
^^(cd), j^^(0 $r^trmir)SIi?l:«ALt7 

t-t-ff^m* K-^tfc(Al > G8,..) f ln,.,N m^n s n 



(4) 
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[0 0 2 8] 7?-t7? K-T'aOfiEftlSWttft^afiB 

[0 0 2 9] l^«Mt5«iSliWii^»t 

tt*«5J:5fc&K*«tt$-*i\ p 
[0030] »f*6ttc, pli4«©a*t*»»©» 

[0 0 3 1 ] n^OSi, 6H-SiCjtlM*GaN £&t££ LT 20 

[0 0 3 2] J^±^^-^^^ B B s l^t6p ntg^tifjg 

a©tt*©*#«r3pJ«+-5«*4W«"C*)6. 30 

[0 0 3 3] ^-^TD^^Mfil^, |^-Jg 
B ««ia6p n^l^O*, IiinMi:il'J 

jE7L©tt»HihJiti- 6 0 
[0 0 3 4] (Al.Ga.J.In.JI XWMOMlHttllM- 

(Al.Ga.JJn^N »*ft B *^<> K 
^itli(Al i Ga 1 J r In 1 . r As^*^ B B a J ^(Al.Ga l J y In 1 - y 

J: 9 t>e*»o**s^t v>t%^bn^e L*>U (Ah 40 
Ga,J T In w N ^m^ B B a Tiii£a^^Sfi^Jt^6^ 

[ 0 0 3 5] IO(0-7a^eMt6l^, gtfjflr 
*>IC0it^/h$^nSoS B B B (ffitel) <DW\m\Z&*** 
H«*©*#^na!RT/pa^ttft (nl, pi) Srtt 

[0 0 3 6]^SO^fn8l^»dit5«^ nMO 
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[0 0 3 7] <Al > Ga l J f In i .,N XW»A0«Mtt«f<t 
t^(Al f Ga 1 J F In,- 1 As^*jB B B B J ?'(AhGa l . 1 ) T In w P X 

[0 0 3 8]^7D^|lJlt^^ K-iafiRO 
[0 0 3 9] nm&AO** ])7&&\tVi—7£km<D 

[0 0 4 0] 

W1"6. ((Al,Ga,J T In w N:0^x^l,0^y^l)¥^fr 
Si, 6H-SiC&tfGaN *r/B^fc»*#* fclol^TJEjtft^HI 

[0041] (l) ^y7^rgt5^^ 

lilt t77^7lW>W^^-f^^- 
KWffi5S«r^L^»fEiDia'Cte5o Hlfc*5V*T* (0001) 

^ B B 0 ^^g^^ H B B ^S^iw|S:li-6o 
[0 0 4 2] t77^7Mi 600<C£ 

**ri*»u hy^^r^^^^^(TMA) &i/7> 

* = 7<NH,) ^TOU, t7 7 ^7S^l ±(l50nmft 
«0«W£J#OA1N »2fe»rt1-S. fcfc, TMA 
£0*£lt«>, Sffi?fi*«:l040 < C*-C±tf, TMA, h U ^ 
J-tVjjy $ J* (TMG) fttfi^WSiHj *«»LSiK- 
>^nSGaA]NJi3 (nJi) £ri#§-f5o 
[0 0 4 3 ] -B., Js/Nfeaft^^BUIiiU GaAl 

iFKR LTJt$»* LT**&WH, SrflWS L I040t:£ 
"e#rfi1-6o TMG WaT, Si0,T'^*?£ 

ftTW^ft#lwJ¥£ 0.5/# mOGaN)S4 (iitSS) £ 
jSftS-fr*. TMA fttfr*^* d^^j = 

/W^^v^A(C Pj Mg) SrlfcflMSLT K-7"GaAlN 1 
5 (pH) £ 0.5jimj*ft1-5o 
[0 0 4 4 ] ftlr, t LTftffitfcSiO: 

Ix^ft^Ma^^tS, ftfc, K-^GaAlN V 



5 (pi) ±1^10,8 7 SrJt«Lfc», 8*1 mnu ^50^ 

-^GaAlNJBS (pi) {c%^Mtm»mm*:ftio *5B 
[Hi ] 





1 5 K V 




1 2 0/iA£lt 




6 0 um<t> 




2 9 7K 



[ 0 0 4 5 ] K— 7*GaAlNS5 (pig) <D& 8 CO 

Si K-z/nfflCaAlN 13 (n/f) IC, 

[0 0 4 6 ] (2)Si SfficoS^ 

1% eSRnSaSiOdll) 9StK8«:*iftftj*0ft, * 

ffi£lOO0 , Ca--C|?-r£LT, Ste8co£S£ft;8MkU I 

6 0 -HM i 9^ffilC3C-SiC»fll9d5»rt*n6, 
[0 0 4 7 ] rcof^, «fi^rt*-fiH^«LT*» 

£ 600^1 U TMA RXfm, £{*M£LTA1N illlO^: 
3C-SiC»K9±tc*j*i-6 c fcld, TMA ©tt«<0**rJk 
^S^r^S^1040 c CicLT, TMG.TMA RT/SiH^WtS L 
TnSSGaAlNll 1 (nl) £j&g-f6 0 
[0 0 4 8 ] TMA &tfSiH« co*tOftMS*rlh«>GaN 

Si 2 (Sttl) £ Ifl/TMA RXKP t 

Mg£#D;iMgK— ^GaAlN Si 3 (pi) £0.5/jmJ#£ 
1"5o MgK-^GaAlN Si 3 (pi) ±ldSi0,S 

1 SfcltMLfcflL Minn, *50// mCOjgflMfcfcig l 5 
AfcHJtfs lSft^<i^LT, Mg K— T^GaAlN S 1 
3 (pi) tctt*j»&BMt+So «?iR<aKttft#tttt 
5*««tlB«T*>5. Si0,Sl 5fli**e>MgK- 

^GaAlNSl3 (pJS) MtiSiHA^U 
Sffi8C0»ffilCnSGaAlN S 1 1 (nf) 
1 4 BHML^io 
[0 0 4 9] (3)6H-SiC Sfficoa^ 
6H-SiCSffi±lC<^LAcU— ^V>r K^E13^^ 
-to ffiffiffinS6H-SiC<7)(0001)ffiSI£l 6 feWttBc*^) 
I^xyft^HUDxyf^*, teal/* 

U l200 , C*-Cfl-ffl-rs e Kfc, d«HFl£***r««L 
1 040°CHLT, TMG.SiHJfct/NH, £IJM£LT 
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IC, TMA £/J0*_ N n^GaN tlSlS 1 7 (D±\Z n ffiGaAlN 

1 1 8 (nS) «rfiKft-f5c 

[0 0 5 0] JSfciC, n SGaAIN 1 1 8 <D±(C, BuIScoSi 
StRfeffl^fcu— jf^^-KiW-fllit^, !§]-#* 
£$V>T, H-j*ft&f*-C\ -tJVt'JV GaN S 1 9 (i£ 
141) fe 0.5/im, MgK-TGaAIN 12 0 (pi) £ 
0.5/im^J|^CMLf;o MgK-TWlN 12 

0±KSiO,l2 2 £m&Ltz'& y fSlmm, u mtf>M 
B«JC3B2 2 AfeBllt, X3f-*W<fc»LT, Mg K- 
10 7 f GaAlNl2 0 (pi) (C^iS&SStt Ltz e 

[ 0 0 5 1 ] -tcogU Si0,l2 2«^bMgK-7 s GaAlN 
12 0 (pi) fcai-5««2 1AWU S 
45 1 6C0gffiidn^GaAlN ll 8 (n|) (Ctt-fSSffi 

2 1 BfcflMLfco 

[ 0 0 5 2] (4)GaNX«tf>«£ 
GaN Stg±tl^L/cU-1f^><^-- K*H4«£?x<i\ 
KttttnfflGaN 0(0001) BStR 2 3 !J 

20 is2 3zu&f$.%mzmm'tz> 0 rk, f$.&fc£M£ 
xmRifm *«»u mm&j&t: 1 o 4 0 

tCLT, 5»fia»Jl-r5 0 TMG &l>'SiH< £M 

(Cl^D x.Tn §HGaN Sffil 2 4 £:0. 5 ~1 ^raOJ|$C^ 

[0 0 5 3] ^(w, TMA Ir^Dx., n ^GaAlN *25M 
^l-> n^GaA^ , l2 5^11:, HulS^Si^^ 

^T, R)-rt*ft#-C, *n*Jx, GaN 12 6 (Stt 
1) 0.5/im, MgK-^GaAlN 12 7 (p|) t: 0.5 
30 /im^J?$l:ML/-: 0 ^(-> MgK— T^GaAlN I27i 
(CSi0rl2 9fcitaiLfctt, f$lmni> ^50^ m<Dmmtiz 
IC«2 9A«rl53Jt, SSftW<|:^U, MgK-^Ga 
A1N12 7 (pi) ^«^**rBR»Lfc. «^«O.WIt 

[0 0 5 4 ] *<D'&, Si0 2 l2 9{R!l^bMg K-^GaAlN 
12 7 (pi) fc»-r*«12 8A*#rtU tt*, S 
fi2 3 0||ffitCnSGaAlN 12 5 (nl) t^tat^ 

2 8 Bfe*J*Lfc. 

[0 0 5 5] ±iEc7)V^ix£0«acO U-lf ^-T ^- K 
40 1), ^filC^V^U-^jgtfco 

[Hi] *7 7>TT»tR±«Cf^lJLfc**W©*f*6^ 
-UttWlCftS ((AhGa.Jrln^NiO^x^l.O^ygl) 

[B2] Si*«±«cfP«Lfc**W©**ft4-|lttW 
((AhGa,.J r In,. r N:0^x^l.0^ygl)**W# 

[03 J 6H-SiCK«±lc^KLfc*«W©A»W4-» 
tt«(C«5 ((Al.Ga,J f In,. f N:0^x^l i 0^y^]>** 
50 ^f^u-f^^- KOWrtSr^LfcWriffiH* 
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[B4] GaN »tR±fcff»Lfc#«WO**»4-*« 

ft t — If ^ KO«dlfe* LfcKffiB. 

1 ■■•f-^7^T(^(0001)ffi£t5 
2,9, 1 7-A1N tlWJI 

3, 11, 18, 2 5--nSAlGaN 8 (nJB) 1 
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* 4, 12, 19, 2 6 -GaN 8 (ffitiB) 

5, 1 3, 2 0, 2 7-Mg K-7AlGaN 8 (pi) 
7,1 5,2 2,2 9- -Sift 8 

6 A, 14 A, 2 1 A, 2 8 A-«tt (MgK— T^AlGaN 

6B, 14B, 2 1 B, 2 8 B--S8S (nSAlGaN 8 
(nS) fc»"f*0 



[Hi] 
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6 A 




1 4 A 




1 4 6 
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2 8 A 




2 8B 
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